In this study, it was aimed to investigate the primary mathematics teacher candidates' perceptions about the equal sign within the scope of neuroscience studies. To reveal their perceptions about the equal sign, three types of addition operations were asked to the participants: a+b= , =a+b, a+b= +c. Their brain waves were recorded by EEG device named as Neuron-Spectrum 4. Moreover, their ideas about the types of the questions were asked to support EEG data. As a result, it was found that the teacher candidates had more cognitive activity in parietal lobe while solving the questions of type two and three. In addition to this, they also showed more cognitive activity in frontal lobe for the type three questions. EEG results reveal that they had difficulty to answer these questions than the questions of type one as they also wrote on the interview form.
Introduction
The most complex organ of a living organism, the brain, has remained as a fascinating puzzle since the existence (Morishima, Schunk, Bruhin, Ruff, & Fehr). The brain had failed to attract attention of people until the designation of the 1990s as the "decade of the brain" in the United States, which increased the importance placed on the brain across the world. It is remarkable that, various countries such as Denmark and Sweden, following the United States, designated different years as the year of the brain, and, today, about 70 countries celebrate a certain period in a year as "the Brain Week" (Sekman, 2016) . The growing interest and awareness towards the brain seem to contribute to inter-disciplinary studies in various fields. Indeed, the joint declaration agreed by many countries stipulates that much more emphasis should be placed on the brain and the studies on the brain (Turkish Academy of Sciences, 2016).
Education and Neuroscience
The main objective of education is the achievement of learning by enabling students to acquire the outcomes in the curricula. In order to reach the highest level of learning possible, it is important to understand the functions of the brain and the way it operates. Yet, the brain, unlike other organs, is too complex, and its functions have not yet to be comprehended. Despite the complexity of the structure and functions of the brain, the discipline of neuroscience, which brings the fields of neurology, psychology and biology together (Goswami, 2004 ), provides some significant data essential for a better understanding of the brain. For that reason, the studies of neuroscience have been incorporated into different disciplines. It has been revealed that one of these disciplines is education.
It may be further argued that the fundamental motivation behind the studies on the integration of neuroscience with education is to seek an answer for the question of how learning takes places in the human brain and thus to find out the nature of learning. In this regard, the detailed information provided by these inter-disciplinary studies on the functions of the brain during learning will potentially contribute to the re-evaluation of the learning process. The data obtained by neuroscience studies may lead to new trends in education. Since the integration of neuroscience with the studies on education allows for the comprehension of the complex cognitive basis underlying many phenomena as numerical cognition (Durmuş, Yaman, Ayvaz & Mersin, 2017 ).
An example may be the results of the studies seeking to reveal the individual differences. Most of the studies, which compared the brain activation patterns of gifted and non-gifted subjects through various imaging techniques, found out that these two groups of subjects significantly differed from each other based on various aspects (Alexander,O'Boyle, & Benbow, 1996; Jausovec 1996 Jausovec , 1997 Jausovec , 1998 Jaušovec & Jaušovec, 2004 ; O'Boyle, Alexander, & Benbow, 1991) . These studies demonstrated that the gifted subjects were performing the assigned tasks 112 The Perspectives of Primary Mathematics Teacher Candidates about Equal Sign: The EEG Case with less mental effort, regardless of the nature of the given task. The underlying reason is the more effective use of the brain areas, which is another major difference between these two groups. Since the studies observed that the brain areas related to the given task in the gifted were active in the process of completing the task whereas the active areas in the non-gifted subjects were other brain areas, besides these, which causes them to exert more mental effort. A further important finding is the presence of a connection between the right and left hemispheres among the gifted subjects. This follows that the corpus callosum, which allows communication between the hemispheres in the brain (Sousa, 2016) , is more advanced in the gifted subjects (Singh & O'Boyle, 2004) . The last difference between the brain activation patterns in these two groups is the right hemisphere of the gifted subjects, which is more active. Given that creativity is one of the components of giftedness in the theories such as The Triple Ring Theory (Renzulli, 1978) and Successful Intelligence Theory (Stenberg, 1997) , which are among the theories of intelligence, it may be argued that these findings revealed by the neuroscience studies provide a cognitive evidence for the claims of these theories. Since, the right hemisphere is known to be associated with creativity (Howard-Jones, Blakemore, Samuel, Summers & Claxton, 2005; Martindale, Hines, Mitchell & Covello, 1984) . Thus, all these differences offer an insight into the reason why the gifted students differ from their non-gifted peers based on various aspects. Moreover, a further integration of neuroscience studies with the education might evolve the identification of the gifted children, which is now performed through intelligence tests.
In addition to the studies on individual differences, the integration studies on various learning difficulties may help to determine the cognitive characteristics of the individuals with such difficulties and to organize their education environments based on these characteristics. For example, the studies on dyslexia and dyscalculia (Kucian & Rotzer, 2009; Landerl, Kadja & Kölle, 2009 ; Ram-Tsur, Mevarech, Sela & Breznitz, 2009) reported that dyscalculia results from structural and functional abnormalities in the certain areas of the brain. Hence, the education and training provided for these individuals may be revised by taking into consideration these differences (Keleş & Kol, 2015 ).
Mathematics Education and Neuroscience
Arithmetic is one of the major subjects in the field of mathematics. Arithmetic is defined as a field involving numbers, relations between numbers, four operations with numbers and four operation-based calculations (NCTM, 1991) . Mathematical concepts are linked together like the rings of a chain. Indeed, an example of such chain is that the concept of number underlies arithmetic, which also underlies algebra. An interruption in the chain may result in various difficulties in learning of more advanced subjects (Swadener and Soedjadi, 1998 ).
An example of such difficulties may be explained through the argument put forward by Cooper, BoultonLewis, Athew, Willss and Mutch (1997) that the lack of understanding in various structural and relational representations in arithmetic leads them to shift away from the contexts supporting algebraic thinking and thus to have difficulties in algebra. Moreover, the equal sign, a mathematical symbol representing the relationship between two expressions, has an importance place in the transition from arithmetic to algebra. For that reason, the understanding of the concept of the equal sign as a symbol indicating an outcome or action, rather than a relational symbol, (Behr, Another area of study regarding arithmetic operations is the way that numbers and operations are presented or represented. There are many ways to represent the same amount and an arithmetic operation. For instance, the number of 3 can be represented with three dots, three fingers, three beats, the third step of a stairs, the third point in a number line, three in Arabic numbers, III in Roman numerals, the word three in English, the number words in other languages, such as trois in French and drei in German. Brain-based research in the recent times have concluded that different types of representations can be utilized in the different modes of different arithmetic. Dehaene (1997) argued that whole numbers and arithmetic rules and operations tend to be verbally represented and that the estimated arithmetic and approximate values of the numbers are represented more spatially as if they were on a number line. The imaging studies showed that when individuals were asked to compare two numbers, their bilateral areas in the parietal lobe were active, and that such activations were independent of the way that numbers are presented (Le Clec'H et al.,2000; Pinel, Dehaene, Riviere & LeBihan., 2001). On the contrary, Campbell (1994) stated that the presentation of numbers (words, numbers and image) is key to the process of estimating the numerical size or performing an operation. The neuropsychological and neuroimaging data indicated that calculation is linked to the left inferior and parietal cortex. The conversion between the arithmetic problems particularly in a concrete, visual, verbal and numeric format, is a major challenge in the development of arithmetic operations.
The Purpose of the Study
Remarkably, these studies on arithmetic operations have revealed that different areas in the brain are activated in different tasks. These activations in the areas of the brain offer an insight into the cognitive difficulty experienced by the individual during the task. The operations are typically provided to the students, who start to learn arithmetic operations as of the first years in the primary school, in a certain format (a+b= ). Thus, it is interesting to study the cognitive differences that students experience when they encounter a presentation different from the typical presentation. Hence, this study aims investigate the primary mathematics teacher candidates' perceptions about the equal sign within the framework neuroscience studies by presenting the equations in the format of a+b= and =a+b as well as a+b= +c.
Method

Method of the Research
The study consists of two steps. In the first step, quantitative data was collected by EEG device and then an interview form was given to participants to evaluate equality questions presented them in three different formats for the collection of qualitative data. Therefore, mixed method was used in the study as research design.
Sampling
The participants of the study consisted of 8 primary mathematics teacher candidates registered at the Department of Mathematics Education of a state university during the summer term of the academic year of 2015-2016. These participants were selected among 45 teacher candidates with the use of the Group Hidden Figures Test developed by Witkin, Oltman, Raskin and Karp (1971) . In order to eliminate cognitive style differences, only teacher candidates having field-independent cognitive style were included in the study. Therefore, purposive sampling method was used for the selection of the participants. In order to determine field-independent teacher candidates, the formula developed by Alamolhodaei (1996) was applied to test scores of the participants. According to this formula, participants who scored above the point that obtained by adding one-quarter of the standard deviation to the mean were classified as "field-independent" and below the point that obtained by subtracting one-quarter of the standard deviation from the mean were classified as "field-dependent" (Figure 1 ). By using the formula, 8 teacher candidates were determined as field-independent and included to the study. 
Data Collection Tools
In the study, both quantitative and qualitative data was collected. For the collection of quantitative data three different data collection tools was used: The Group Hidden Figures Test, The Addition Test, EEG device.
1)
The Group Hidden Figures Test: The test was developed by Witkin, Oltman, Raskin and Karp (1971) and used in the study to determine cognitive styles of the participants of the study.
2)
The Addition Test: This test consist of 45 addition questions prepared by the researchers. Three different types existed in the test: a+b = , = a+b and a+b = + c. As it is seen, the direction of equal is given inverse in the type two: the numbers which is summed are at the right side and the result (box) is on the left side. With this, it is aimed to present questions that teacher candidates are not used to see to put forward their perceptions about the sign of equal.
For each category, 15 addition questions weredeveloped by the researchers. The teacher candidates were asked only addition problems, since it was aimed to investigate the effect of the equal sign. So only the operation of addition was selected since addition was the one taught at first. While developing questions, the numbers of the addition questions were determined randomly. With the same reason, small numbers were preferred while writing the questions. The addition questions were presented to the participants on a computer screen and asked them to click the correct choice for the box (Figure 2 ). EEG Device: Oscillations in electrical potential of brain are called as "brain waves" and EEG is a neuropsychological diagnostic method for the detection of these electrical waves (Şen, 2014) . The electrodes of EEG are placed according to a certain plan on four lobes of brain: frontal, parietal, occipital and central. In this study, EEG device named as Neuron-Spectrum 4 will be used to record and analyze brain waves of the participants. 16 electrodes were placed on the scalps of the participants and the places of the electrodes are determined according to 10-20 system.
After recording process of brain waves, an interview form developed by the researchers was used to collect qualitative data. In order to support quantitative data, four questions were asked to the participants to evaluate addition questions in terms of the type of questions. The questions on the interview form was given in Table 1 . 
Data Collection Process
First of all, for the determination of the participants, The Group Hidden Figures Test was applied to 45 primary mathematics teacher candidates and 8 of them having field-independent cognitive style were determined as the participants of the study according to the formula of Alamolhodaei (1996) . Then The Addition Test was developed by the researchers and this test was presented to the participants on a computer screen. While the participants were answering addition questions, their brain waves were recorded by EEG. The EEG signals of the participants were recorded in a sound-proof room to minimize artefacts. After recording process, the interview form was given to the participants and asked them to answer the questions on the interview form.
Analysis Techniques
Collected data was analyzed in two steps as quantitative and qualitative. At the first step of quantitative analysis, EEG signals of the participants was analyzed. In order to analyze these signals, obtained brain waves was filtered (Band-pass filter) between 0,5-40 Hz. Then, automatic artefact detection was used to obtain the artefacts stemming from muscle movements as eye, hand etc or other factors and these data was omitted from data set. Lastly, these digitized EEG signals were analyzed with Fast Fourier transform. Then obtained data was transferred to SPSS and Kruskal-Wallis test was carried because of the number of participants.
At the second step, data obtained from interview form was analyzed. Descriptive analysis, one of qualitative analysis methods, was used for the answers of the participants to the questions in the interview form. In the analysis, certain categories were formed based on the answers of the participants for each question. The data analysis was conducted simultaneously by the two researchers. Following the determination of the categories, the researchers encoded data in order to test the inter-encoder reliability. The percentage of agreement between the researchers was calculated to be 93%. Following that, the differences between the researchers were eliminated and the analyses were performed based on the specified categories.
Findings
In the study, brain waves of the participants were recorded by EEG and then the interview form was given to participants to evaluate the questions presented to them in three different categories. Therefore, findings were presented under two categories: EEG recording and interview form.
EEG Recording
When research on arithmetic operations are investigated, it is seen that frontal and parietal lobes are active while solving arithmetic operations (Arsalidou and Taylor When harder operations requiring some strategies are presented, on the other hand, it is seen that parietal lobe's activity is higher. Therefore, it can be said that frontal lobe is active for the solution of basic arithmetic operations while difficulty of operations is increased, parietal lobe is more active. In the study, participants were presented addition operations and so findings related to frontal and parietal lobes were investigated.
Neural activity changes in alfa waves (8-12 Hz) are related to individual cognitive and memory performances in general (Klimesch, 1999) . Beta waves, on the other hand, are basically recorded from parietal and frontal lobes during typical activation of these lobes and when an individual direct his/her attention to a certain activity, alfa waves give place to high-frequency beta waves with low amplitudes (Guyton & Hall, 2011) . Moreover, it is stated that beta waves are recorded as a result of extreme mental activity (Canan, 2013 ). Since cognitive activity are related with alfa and beta waves, results in frontal and parietal lobes related to these waves were given.
Alfa waves
In order to investigate differences in alfa waves according to type of questions presented to the participants, Kruskal Wallis test was performed. Test results for frontal and parietal lobes are seen in Table 2 and 3, respectively.
According to the results, significance difference was not found in any of the electrodes of frontal lobe in terms of the type of question. When the microvolt values seen in Table  2 are examined, on the other hand, it is seen that the questions in the type three have the least values when it is compared to two other types for all of the electrodes in frontal lobe. Decrease of alfa in spectral power is considered generally as the indicator of brain activation (Alexander, O'Boyle, & Benbow, 1996) . This means that an inverse relationship exist between alfa waves and cognitive activity. Therefore, it is understood that the participants exhibited more cognitive activity for the type three. Based on this conclusion, it can be claimed that the questions of the type three are harder than those of others because of requiring more mental activity. It is expected that the questions of type two are harder than those of the type one, yet the microvolt values put forward an inverse result. That is, the participants' microvolt values related to the type two are higher than those of the type one. Therefore, it is understood that the participants answered the questions of the type two with less cognitive activity when it is compared to the type one. More activation for the type two was obtained only in F3 as seen in the table. Test results for alfa waves in parietal lobe are seen in Table 3 . Any significance differences were obtained in parietal lobe in terms of the type of question. According to microvolt values of the electrodes P3 and P4, however, it can be said that the participants showed less activation for the questions in type one. For the questions of the type two and three, on the other hand, such a pattern does not exist.
Since the participants showed more activation in P3 for the type two whereas more activation was found in P4 for the type three.
Beta waves
In order to investigate differences in beta waves according to type of questions presented to the participants, Kruskal Wallis test was performed. Test results for frontal and parietal lobes are seen in Table 4 and 5, respectively. Obtained results shows that any significance difference existed for beta wave in any electrodes of the frontal lobe in terms of the type of question. For the electrodes in right hemisphere (F4 and F8), the questions in type two and three had higher microvolt values whereas an inverse result existed for the left hemisphere. That is, in F3 and F7 which were located on the left part of the scalp, higher microvolt values were obtained for the questions of the type one. Kruskal Wallis test results reveals that the participants had similar microvolt values in parietal lobe in terms of beta waves. Therefore, significant difference was not found both in P3 and P4 in terms of the type of question. Although some pattern were obtained in other analysis results above, any pattern was not found related to the microvolt values in parietal lobe for beta waves. The questions of type one had the highest microvolt values in P3 whereas the least microvolt values in P4. The highest microvolt values are obtained for the type two in P4 while it had lower value than type one and higher value than type three in P3.
Interview form
The interview form includes four questions. These questions were analyzed with descriptive analysis and the results are seen in tables below. The first question is "Which type of addition questions is the easiest one? Why?" The answers of the participants are seen in Table 6 . It is found that 6 teacher candidates thought that the questions of the type one were the easiest while two of them also answer the questions of type two easily. According to 2 teacher candidates, since the questions required one-step operation, they were the easiest. Most of the teacher candidates, on the other hand, explained their reasons as being accustomed to the type of the question. Some examples of the reasons of the participants are as follows: "Which type of addition questions is the hardest one? Why?" is the second question and the categories created with the answers of the participants are given in Table 7 . Six teacher candidates stated that the questions of the type two are the hardest while two of them thought that it was the type two including hardest questions. When accuracy of their answers were also examined, it was found that all of the participants give wrong answer to "7+8= +9" which is a question of the type three. In addition to this, 3 teacher candidates also answered some other questions of the type three wrongly. According to the participants, these questions were the hardest because of requiring two operations to answer. On the other hand, it was also found that there were also 4 teacher candidates could not answer some of the questions of the type two correctly. Not being accustomed to the type of the question can be the reason of being the hardest question type as two teacher candidates stated. Explanations of some of the participants are given below:
 Can be thought as wrong P3
Increase of time in answering P5, P7,
The direction of equal was changed in the questions of type two to investigate the perceptions of the teacher candidates about the sign of equal. Therefore, the third question (Does the place of the box (being on the right or left side) have any effect?) asked them whether this affected them or not while answering. Although the participants were primary mathematics teacher candidates, most of them stated that they had difficulty in perceiving because of the direction of the equal sign. They also said that this caused them to answer the questions in more time. When their reaction time to the questions of type two were examined, it was found that they really answered these questions in more time. Two teacher candidates, on the other hand, stated that the direction of equal did not affect them in any way. Explanations of the teacher candidates for the third question are as follow: The last question of the interview form is "When primary school children are taken into consideration, which type of the addition questions they have difficult at most in your opinion? What do you suggest to overcome this difficulty?" Parallel to the answers to the second question, 6 teacher candidates stated that the type three included the hardest questions for primary school children while two of them thought that primary school children could have more difficulty in answering the questions of the type two. The former group's reason for this is that the type three included questions requiring two operations. The latter, on the other hand, stated that children could have difficulty because of not being accustomed to the type of question. The teacher candidates explained their reasons as follows: As a suggestion to handle this difficulty, the teacher candidates offered to have more activities requiring mental operations (n=1), more experience with this type of question (n=3) and giving examples including this type of question (n=1). Three teacher candidates, however, did not offer any solutions.
Results, Conclusions and Recommendations
This study aims to investigate the primary mathematics teacher candidates' perceptions about the equal sign within the scope of neuroscience studies. To reveal their perceptions about the equal sign, there types of addition operations were asked to the participants: a+b= , =a+b, a+b= +c. By recording their brain waves with EEG during answering three type of addition questions, it was aimed to obtain differences in their brain structures according to the types of questions. Moreover, their ideas about the types of the questions were asked to support EEG data.
Alfa and beta waves of the participants were examined due to the fact that changes in these waves are stated to related with cognitive activity (Canan, 2013; Guyton & Hall, 2011; Klimesch, 1999) . However any significance differences were obtained in terms of the type of the questions in both alfa and beta waves. Although these differences were not statistically significant, they have important implications about the equal sign. It was found that for the questions of the type one, the participants had higher alfa power than those of the type two in frontal lobe. That is, the participants showed more cognitive activity in frontal lobe for this type. In the frontal lobe, on the other hand, the alfa power of the participants are lower for the questions of the type two. This result reveals that the participants showed more cognitive activity for this type than the type one in the parietal lobe. Based on this result, it can be said that the participants answered the questions of the type one more easily without needing a strategy. Since it is stated that frontal lobe is active during the solution of basic arithmetic operations that can be answered automatically (Arsalidou and Taylor, 2011; Domahs and Delazer, 2005; Gullick, Wolford and Temple, 2012; Gullick and Wolford, 2014; Sousa, 2016) . When the direction of equal is changed ( =a+b), however, it is seen that cognitive activity of the participants were higher in parietal lobes. When it is taken into account that parietal lobe is more active in solving arithmetic operations that are more difficult (Le Clec'H et al., 2000; Pinel, Dehaene, Riviere & LeBihan., 2001), it is understood that questions like =a+b are harder than those presented with ordinary format (a+b= ). There exist only one difference between this two types of problems, that is, the direction of the equal sign. Therefore, it put forwards a significant finding that only change of the direction of the equal sign causes the teacher candidates have more difficulty in answering to the questions. Since the participants are prospective mathematics teachers and it is thought that these type of arithmetic operations are quite easy for them. They answered correctly all of the questions of the type one and most of the questions of the type two surely, yet the difference in their brain structures in terms of the type of questions reveals that there exist a difference probably stemming from the direction of the equal sign.
If the alfa powers of participants for the questions of the type three are examined, it is seen that they have the lowest microvolt values in the frontal lobe. In the parietal lobe, on the other hand, the microvolt value is the lowest for P4 while it was higher than that of the type two questions. According to this, it can be said that the participants had lower alfa power for the questions of the type three in frontal and parietal lobes. That is, they showed higher cognitive activity in both of the lobes. Therefore, it can be said that this type is probably the hardest one for the participants. Since they answered addition operations both automatically and with strategies because of the activation of both of the lobes. If the structure of the questions of the type three (a+b= +c) is examined, it is seen that they are different than the questions of other two types because of requiring operations more than one. While answering one can sum a and b and then subtract c from this sum to find the value of the box. Or s/he can develop a strategy as follow: for the operation 3+5= +6, for example, s/he can think that since 6 is one more than 5, then the value of the box has to be one less than 3 for two sides of the equal to be equal. Because of this different solution options and including two-step operations, the participants could show more activity in both frontal and parietal lobes. Moreover, in the electrodes located on right hemisphere (F4, F8, P4), it is found that microvolt values of the type three than those of the type one beta waves. Since beta waves are recorded when one direct his/her attention to a certain activity (Guyton & Hall, 2011) and right hemisphere is known as related to creativity (Howard-Jones, Blakemore, Samuel, Summers & Claxton, 2005; Martindale, Hines, Mitchell & Covello, 1984), solution of type two questions could cause participants to direct their attention some cognitive activity that requires creativity.
When the qualitative data is examined, it is seen that the participants gave explanations related to the type of the questions that supported the findings of EEG recording. As obtained with the changes in alfa waves, all of them said that the questions of the type one are the easiest. Since these questions are one-step and they are get accustomed to the presentation format of the questions (a+b= ). In addition to this result, most of them also stated that they had difficulty in answering the questions of the type three more while the questions of the type two were harder for 2 of the teacher candidates. This result is also parallel to the results obtained in EEG recordings. As a reason, they proposed that the type three questions included two-step operations. Moreover, as expected, since direction of the equal sign collides their habits that they have obtained from the beginning of their education life, they had difficulties in perceiving. Since they could not answer automatically as they did in the type one questions, their reaction time to the questions were longer. Because of these reasons, the teacher candidates also thought that primary school children have difficulties in the questions of type two and there at most. Indeed, researches about the equal sign revealed that children had difficulties to answer and even gave wrong answers to the questions as =a+b or a+b= +c When it is taken into account that the participants of the study are prospective mathematics teachers and they showed more cognitive activation to answer these type of questions, it is quite possible that primary school children have more difficulty to understand these questions.
All in all, this study is conducted to reveal perceptions of prospective mathematics teachers about the equal sign. The results put forward that even prospective mathematics teachers had difficulties when the direction of the equal sign was changed although they know equal sign represents an equal regardless of the place of the result of the operation (a+b= or =a+b). Therefore, as the participants of this study suggested, these type of questions should be presented to children to make them understand what really the equal sign means. Moreover, after children understand that the equal sign expresses relationship between two quantities with the help of these type of questions, further neuroscience studies can be conducted to investigate effects of understating equal as a relationship on brain structures of children.
